introduction Some questions still challenge the scientific community concerning the Class III malocclusion: What will be the behavior of the face, and especially of the mandible, during growth? Will the facial growth perpetuate or worsen the skeletal discrepancy? There are no established responses to these questions, raising controversies among orthodontists concerning the indication of early treatment for the Class III malocclusion. 1 The treatment prognosis and posttreatment stability depend on the skeletal pattern related with this malocclusion. 16, 18 Interceptive orthodontics (mechanics applied in the stages before the permanent dentition) has the general objective to optimize the development of occlusion. 18 The treatment with maxillary protraction is more effective in patients with Class III malocclusion with maxillary retrusion, which account for nearly 60% of the cases, 16 and hypodivergent growth pattern, 13, 15 explaining the increased professional interest for maxillary protraction. The orthopedic mechanics acts on the direction of spontaneous facial growth. 16 If the treatment is initiated during the period of eruption of maxillary central incisors, it will contribute to stabilize the anterior relationship. 9, 13, 15 Clinical results demonstrate that the utilization of maxillary protraction induces orthopedic and orthodontic effects that provide an important improvement in the occlusion and face ( Table 1) . The immediate favorable impact, though variable and individual, 15 in the deciduous and mixed dentition stages are related to forward maxillary displacement, 1, 2, 5, 6, [9] [10] [11] [12] [13] 15, 17, 18, 21, 23 forward displacement of maxillary teeth, 2, 6, 8, 10, 18 clockwise mandibular rotation with corresponding significant increase in the lower anterior facial height, 5, 10, 18 and lingual tipping of mandibular incisors. 2, 3, 5, 9, 16, 18 Orthodontists are aware of the importance to optimize the orthopedic effect of maxillary protraction, rather than the orthodontic effects. 6 Within this context, the orthopedic maxillary expansion before maxillary protraction increases the effect of the face mask on the maxilla 1,2 due to the increase in the transverse width, rupture of maxillary sutures and especially to the strong anchorage provided by the expander 16 ( Table 1 ). The intentional ankylosis of deciduous canines has also been used with the primary goal to potentiate the orthopedic effects of maxillary protraction. 18, 19, 20 This led to the need to scientifically analyze its utilization, because though biocompatible and accepted by the patients, 19 it is an invasive procedure. This study evaluated the immediate effects of maxillary protraction applied in the deciduous and early mixed dentition stages to respond to the null hypotheses if there is difference between the immediate results produced by orthopedic maxillary protraction mechanics, using or not the induced ankylosis to reinforce the anchorage. 
MAtEriAL And MEtHodS
The sample was composed of 40 Brazilian Caucasian children aged 5 years to 8 years 11 months, in the deciduous and early mixed dentition stages, retrospectively selected from the files of the Postgraduate course in Preventive and Interceptive Orthodontics of the Hospital for Rehabilitation of Craniofacial Anomalies of University of São Paulo, at Bauru (HRAC-USPBauru), Brazil, among the records of 2,060 registered and treated patients.
The inclusion criteria were the following: 1-Brazilian Caucasian children in the deciduous and early mixed dentition stage; 2 -presenting Class III molar relationship; 3 -anterior crossbite; 4 -maxillary retrognathism with little or no mandibular involvement; and 5 -posterior crossbite in most cases. Patients with isolated mandibular impairment (prognathism) were not included.
The sample was divided into two groups of 20 patients (10 boys and 10 girls) matched for age and gender. The Ankylosis Group was composed of patients treated with induced ankylosis with initial (T 1 ) and final (T 2 ) mean ages of 7 years 4 months and 8 years 3 months, respectively, with mean period of maxillary protraction of 11 months. The Control Group was treated without induced ankylosis and presented initial mean age of 7 years 8 months and final mean age 8 years 7 months, with a mean period of maxillary protraction of 11 months.
In the Ankylosis Group, among the 20 patients, 16 presented posterior crossbite, being 9 girls and 7 boys, and in the Control Group 17 out of the 20 patients presented posterior crossbite, being 8 boys and 9 girls.
All 40 children were submitted to the same therapeutic protocol of rapid maxillary expansion with modified fixed Haas expander, with activation of the screw until rupture of the midpalatal suture or up to correction of the posterior crossbite, when present. The therapeutic groups were distinguished by the accomplishment of intentional ankylosis of deciduous canines as anchorage reinforcement. Immediately after completion of the active period of rapid maxillary expansion, the facial mask was placed using elastics delivering an approximate force of 500 g connected to hooks soldered at the anterior portion of the expander and bonded to the deciduous canines with resin. The patients were instructed to wear the facial mask for 16 hours/day.
The lateral cephalograms were obtained in centric occlusion, with the lips in relaxed and passive position. The anatomical tracings and identification of the dentoskeletal points were manually performed by a single examiner and digitized on a UMAX 1220S scanner connected to a computer NB HP Pavillion dv6120BR (3400, HD 60 Gb, memory 512 Mb), with operational system Windows XP and software Radiocef StudioRadiomemory, version 1 -release 16, Belo Horizonte, MG, Brazil (Fig 1) . Data were analyzed on this software, which also corrected the magnification factors of radiographic images, which ranged from 6% to 9.8% according to the X-ray machine employed.
The cephalometric measurements selected are representative of the facial convexity (NAP, ANB), sagittal position of the apical bases (SNA, SNB, SND, SN.ANS, Co-A, A-NPerp, Pg-NPerp), mandibular and occlusal plane rotation (SN.GoGn, SN.Gn, SN.OP) and inclination of maxillary and mandibular incisors (1.NA, 1-NA, 1.SN, 1.PP, 1.NB, 1-NB, IMPA) ( Table 4 ). 
StAtiSticAL AnALySiS

Method error
For calculation of the intraexaminer error, at 20 days after the first tracing, 12 cephalograms of each group (30% of the sample) were randomly selected for achievement of new tracings, identification of points and achievement of linear and angular measurements. The intraexaminer systematic error was evaluated by the paired t test. The casual error was determined according to the Dahlberg formula (error = (∑d²/ 2n)1/2), in which d represents the difference between the first and second measurements and n indicates the number of retraced cephalograms, according to Houston. 7 The significance level adopted was 5% (p < 0.05).
The results of evaluations of systematic errors by the paired t test and by the casual error measured by the Dahlberg formula are presented in Table 4 .
StAtiSticAL MEtHodS
Descriptive statistics was performed for all data in the sample: Initial and final ages, treatment time (T 2 -T 1 ) and cephalometric variables analyzed in the study periods. The normality of data distribution was assessed by the Kolmogorov-Smirnov, which revealed that all groups passed the normality criteria.
Two-way analysis of variance was applied for comparison between groups and gender, initial age, treatment time, ANB and A-NPerp, to verify the similarity of data at treatment onset.
Since the groups has different severities (ANB and A-NPerp) at T 1 and the statistical analysis might be influenced by this factor and not only by the difference between groups, comparison between groups was performed by the analysis of covariance (ANCOVA), using the measurements ANB and A-NPerp as co-variables, to take these initial differences into account. ns = non significant statistical difference. * = statistically significant difference (p < 0.05). Therefore, comparison between groups was performed by two-way analysis of variance (Group -Control and Ankylosis, and Gender -Female and Male), fixed model. If the analysis of variance indicated statistically significant difference, the Tukey test for multiple comparisons was applied. A significance level of 5% (p < 0.05) was considered for all tests.
All statistical analyses were performed on the software Statistica version 5.1 StatSoft Inc. (Tulsa, USA).
rESuLtS Table 2 presents the analysis of systematic and casual errors, by analysis by the paired t test and the Dahlberg 7 formula applied to all study variables. Only the variable (1-NB) presented statistically significant systematic error, yet with a difference of only 0.14 mm. The casual error ranged from 0.28 mm (1-NB) to 1.10° (1.NB). Table 5 displays the cephalometric measurements analyzed during the treatment period (T 1 and T 2 ) for each study group (female control, female ankylosis, male control, male ankylosis). The statistical comparison between groups reveals that they were compatible considering the initial age and treatment time. However, there was significant difference in the variables ANB and A-NPerp (Table 4) , which led to the utilization of analysis of covariance for comparison between groups.
The statistical analysis revealed that the cephalometric measurements were not influenced by gender, except for the variable SN.OP. The changes in cephalometric measurements occurred in the same direction and magnitude for both genders (Table 6 ). There was statistically significant difference between groups in the variation of sagittal measurements NAP, ANB and Pg-NPerp, the vertical measurement SN.OP, and the dental measurements 1.NB, 1-NB and IMPA (Table 6 ).
diScuSSion
The early treatment of anterior crossbite with Class III malocclusion has the orthopedic goal to promote forward displacement of the maxillary dental arch, with downward and forward advancement of the growth direction of the maxilla. 1, 2, 5, 6, [9] [10] [11] [12] [13] [15] [16] [17] [18] 21, 23 For that purpose, the maxillary protraction after orthopedic maxillary expansion has been used by most orthodontists, with favorable immediate results in 90% of patients treated in the deciduous and mixed dentitions 4 with a relatively short treatment time of nearly 8 months. 18 Regardless of the influence of facial growth on the long-term posttreatment stability, the immediate goal of orthopedic treatment for the Class III malocclusion is to potentiate the skeletal changes rather than the dental compensation, by the utilization of strong anchorage 1 This study addresses the maxillary protraction, more specifically to analyze the influence of intentional ankylosis of deciduous canines to reinforce the anchorage, a protocol established at the Hospital for Rehabilitation of Craniofacial Anomalies of University of São Paulo. 19, 20 In this treatment protocol, the deciduous canines are ankylosed before orthopedic expansion and maxillary protraction, in the deciduous or early mixed dentition stages. 19 This therapeutic possibility was developed to optimize the forward displacement of point A and involves different specialties in addition to Orthodontics, such as Surgery and Endodontics, thus not being promptly accepted by patients and caretakers. 19 For this reason, the cost-benefit relationship of intentional ankylosis should be individually considered, being indicated for cases of anterior crossbite and greater severity of maxillary deficiency, especially when dental anchorage in the maxillary arch is not reliable and satisfactory. 19, 21 The ankylosis should be contraindicated in cases of Class III malocclusion assigned only to mandibular prognathism, because of the unpredictable mandibular growth after treatment and the normal maxillary positioning on the face of these patients. 19, 21 The results revealed that the convexity angles, represented by the angular measurements NAP and ANB had a significant impact by the orthopedic mechanics of maxillary protraction (Table 6) , which is also observed in studies analyzing the effects of maxillary protraction in the treatment of Class III malocclusion. 3, 10, 18, 20 In addition to the alterations in facial convexity, the soft tissue profile was improved. The intentional ankylosis of deciduous canines increased the facial convexity (Table 6) , as an immediate effect of maxillary protraction, which does not depend on facial growth.
The improved facial convexity is assigned to the sagittal change in the maxillary and mandibular apical bases. The literature demonstrated that the maxilla tends to present forward displacement with maxillary protraction. 3, 5, 6, 8, 9, 10, 12, 13, 17, 18, 21, 22 However, this displacement was not statistically significant for the alveolar portion, represented by the SNA angle and the basal portion, characterized by the SN.ANS angle (Table 6 ). Even though no statistically significant difference was observed between groups in the SNA angle, this variable presented a greater mean alteration in the Ankylosis Group (2.94 in females and 2.07 in males) than the Control Group (0.78 in males and 0.27 in males), demonstrating that the forward displacement of point A was greater in the Ankylosis Group (Table 5) ,explaining the significant increase in facial convexity evaluated by the variables NAP and ANB in the Ankylosis Group compared to the Control Group (Table 6) .
The SNB angle presented more posterior positioning, especially in the group with intentional ankylosis of deciduous canines (Table 5 ). The sagittal improvement in point B is related to the mandibular rotation during maxillary protraction. 13 Indirectly, the increased angle of facial convexity is also influenced by the mandibular rotation. These changes promoted by maxillary protraction have been reported in the literature. 2, 3, 16, 18, 20, 22, 24 In the present study groups, the angles SN.GoGn and NS.Gn demonstrated that the mandible presented clockwise rotation, as mentioned in the literature, 3, 4, 5, 8 yet without statistical significance. This behavior was similar in the two groups, indicating that ankylosis did not influence the mandibular rotation ( Table 6 ).
The occlusal plane in the present study did not follow the mandibular rotation. This occurred in clockwise direction, while the occlusal plane presented counterclockwise rotation (Table 5 ). Due to the dental age of the sample, in the deciduous and early mixed dentition stages, the references taken to identify the mandibular occlusal plane, (mean occlusal point on the intercuspation surface of maxillary and mandibular first molars to the incisal edge of the permanent mandibular central incisors), were still in the period of eruption, with important variation in vertical direction. The vertical instability of the reference teeth at this period of occlusal development may explain the divergent behavior between the mandibular and occlusal planes. There is concern to maintain the inclination of the occlusal plane during maxillary protraction, by applying the elastic at the region of deciduous canines, directly on the fixed Haas expander. 15 The maxillary protraction from the posterior region is contraindicated in most patients because it lowers the posterior portion of the maxilla, 8 while protraction from the canines region controls this rotation effect during maxillary protraction. 21 The linear measurements representing the sagittal behavior of the apical bases were defined by the distances Co-A, A-NPerp and Pg-NPerp. The point A presented forward positioning in relation to the cranial base in both groups ( Table 5 ). The displacement of point A reflects the increased maxillary length. The literature has demonstrated that maxillary protraction induces an increase in maxillary length (ANS-PNS) compared to an untreated control group. 21 However, the forward displacement of point A was not influenced by the intentional ankylosis of deciduous canines, even though the maxillary displacement was greater in the group with ankylosis (Tables 5 and 6 ). Conversely, the point Pog exhibited more posterior positioning in relation to the line NPerp in the group with ankylosis ( Table 6 ). The importance of the behavior of points A and Pog refers to their influence on facial convexity.
The interpretations related to the dental changes should consider that the permanent incisors were still in the period of eruption, since the patients were in the deciduous and early mixed dentition stages. Some changes in the tipping of these teeth occur during occlusion development and thus should be carefully analyzed.
The intentional ankylosis of deciduous canines did not influence the maxillary incisors. The literature unanimously reports the dental effect induced by orthopedic mechanics, with buccal tipping of maxillary incisors, 5, 6 regardless of the accomplishment of intentional ankylosis of deciduous canines. 20 No exclusively orthopedic effect may be produced by tooth-supported appliances. 19 The question is if the intentional ankylosis of deciduous canines would reduce the orthodontic effect. Comparison between intentional ankylosis and the control group did not reveal difference between groups, indicating that ankylosis did not influence the dental compensation in the maxillary arch (Table 6 ). This result clearly demonstrates that the intentional ankylosis of deciduous canines may potentiate the orthopedic effect induced by maxillary protraction, yet does not avoid dental compensation in the maxilla, represented by the buccal tipping of maxillary incisors, except for the sample group female control ( Table 5 ).
The mandibular incisors exhibited an unexpected change, with an increase in buccal tipping during orthopedic treatment in the group with intentional ankylosis. In general, reduced tipping of these teeth is expected in the orthopedic treatment for the Class III malocclusion, as part of the compensatory mechanism. 13 This result may be related to the treatment period, in the early mixed dentition stage, when the permanent incisors erupt. Another probable explanation for the behavior of mandibular incisors is the increased overjet provided by the maxillary advancement in the group with intentional ankylosis, providing additional space for buccal tipping of mandibular incisors.
concLuSionS
The null hypothesis was accepted, because it was concluded that intentional ankylosis enhanced the sagittal response of the apical bases, as demonstrated by the alteration in Pg-NPerp and the increase in facial convexity angles (NAP and ANB).
